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FAILURE MODES EFFECTS ANALYSIS (FMEA) — Cll. HARDWARE .
RUMEBER:MA-155-M021 ~X

SUBSYSTEM NAME: MECHANICAL - CREW EOUIPMENT
) . REVISIOMN: D DEZESH
PART DATA

PART HAME PART HUMEER
VENDOR NAME VENDGH HUMBER

LRU °©  TOOL STOWAGE ASSEMELY VBAF-CO01 50-001

saU 'SLIOE ASSEMBLY VB.49-001200-001
JONATHAN 1202471

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
TCOL STOWAGE ASSEMBLY (TSA) DRAWER SLIDE ASSEMBLY

QUANTITY OF LIKE ITEMS: 4
FOUR - Two PER DRAWER, TWC DRAWIRS PEA T5A

FUNCTIOM:
THZ TSA CONTAINE TWO DRAWERS. ATTATHED TO EACH SIDE OF ADRAWTA IS A

SLIDE ASSEMBLY THAT CONTAINS ROLLER BEAAINGS TO ALLOW EASY
OPENING/TLOSING OF TS DRAWER. THE SLIDE ASSEMBLIES ARS NOT REDUNDANT
TS 2ATH OTHER. EACK SLIDE ASSEMELY CONTAINS A MECHANICAL STOP THAT
PRIVENTS THE DRAWEA FROM COMPLETELY SCPARATING FROM THE TEA WHEN
OPENZD.

REFERENSE DOCUMENTS:  VB43.00MSD
VESS-D01200

.
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FAILURE MODES EFFECTS ANALYS!IS FMEA — CIL FAILURE MODE
HUMBER: MB-155-MD021-01

REVISIONS: 2 oEmaRT
SUBSYSTEM NAME: MECHANICAL - CREW EQUIPMENT
LERU: TOOL STOWAGE AESEMBLY CRITICALITY OF THIS
ITEM NAME: DRAWER SLIDE ACSEMBLY FAJLURE MODE: 1F2
FAILURE MOQE:
JAMMEL:, INCREASED RESISTANCE
MISSIQN PHASE: Q9 ON-OREIT

VEHICLEPAYLOADXIT EFFECTIVITY: 11 DISCOVERY
. 104 ATLANTIS

105 ENDEAVOLUR

CALBE: .
CONTAMINATION, STRUCTURAL FAILURE DUE TO THERMAL OR MECHAMICAL SHOCK,
MANUFACTURER/MATERIAL DEFECT, LASK OF LUBFICATION

CRITICALITY 1/ DURING INTACT ABORT ONLY? ND

REDUNDANCY SCREEN A) PASS

B} PASS
C) PASS
PASSFAlL RATIONALE:
Al
8]
=

METHOD OF FAULT DETECTION:
PHYSICAL DASSRVATION DURING DRAWER OPENING/CLOSING.

REMARKS/RECOMMENDATIONS! |
. EACH DRAWER. OF THE TEA CONTAINS TWO SLIDE ASSEMELIES, BOTH OF WHICH ARE
REQUIRED FOR DRAWING DPENING/CLOSING. WITH A DRAWER FULLY OPEN, THE

DoOR EXTENSION WILL NOT INTERFERE WITH FROPER CLOSING OF THE PAYLOAD
BAY DOORS. IMPACT OF DE-OREIT AND LANDING WITH A DRAWER FULLY EXTENDED

CANNOT BE ASSE5SED UNTIL A LOADS TEST OF THE TSA DRAWER SLIDE ASSEMBLY IS
COMPLETED. IT IS RECOMMENDED THAT THE FOLLOWING STATIC LOAD TESTS BE
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FAILURE MODES EFFECTE ANALYSIS (FMEA) - GIL FAILURE MODE
NUMBER: M-1S5-M02101

FERFORMED: (1) DRAWER SLIOF ASSEMSLY LOAD TEST « WITH A DRAWER IN A FULL
QPEN POSITION (SUDE ASSEMELY FLILLY EXTENDED) THE MAXIMUM DE-
OREITAANDING LOADS {AS SEEN BY THE T5A) SHOULD BE APPLIED TO THE SLIDE
ASSEMBLY TD ENSURE THAT THE SLIDE ASSEMBLY WILL NOT STRUCTURALLY FAIL (2)
DRAWER MECHANICAL STOP LOAD TEST - MAXIMUM LOADS SHOULD EE AFFLIED TO
THE DRAWER SLIDE ASSEMALY MECHMANICAL STOPS TC ENSURE THAT THESE STOPS
WiLL NOT STRUCTURALLY FAIL LOADS AMALYSIS SHOULD BE ABLE TO DETERMINE

THE MAGNITUDE OF THESE LOADS TO APPLY TG THE STOPS.

- FAILVRE EFFECTS -

(A} SUBSYSTEM:

PREVENTS MOVEMENT OF THE DRAWER [N EITHER THE EXTEND (OPENING) OR
RETRACT (CLOSING) POSITION. AN INCREASE MOMENT OF RESISTANCE COULD BE
OVERCOME BY THE FORCE OF DPENING/CLOSING.

(B INTERFAZING SEUBSYETEM{S)! .
WORST CASE [DURING DFEMING]) « INABILTTY TD DFEN DRAWER #1 OR £2 WOLILD

PREVENT LISE OF IS5 GENIZRIC TOOLS CONTAINED IN THE AFFECTED DRAWER,

{¢) HISSION:

IF FAILURE CCCURS:

DURING DRAWER OPENING (EXTENSION) - UNABLE TO OPEN DRAWER. INABILITY TD
UTILIZS GENZRIC TOOLE CONVAINED IN AFFECTED PRAWER MAY AFFICT MISSION

COMPLETION - CRITICALITY 22 CONDRITION,
CURING DRAWTR CLOSING RITRACTION) - INABILITY T2 CLOSE DRAWTR HAS ND
EFFECYT ON MISEIOM SUCCESS SINCE MISSION OSJECTIVES ARE MET WITH A _DFAWER

QRSM,

(D} CREW, VEHICLE, AND ELEMENT(S)

IF FAILURZ OCCURS:

DURING DRAWER OPENING (EXTENSION) - UNABLE TO OPEN DRAWER. LOSS OF
CAPABILITY TC UTILIZE TOOLS CONTAINED WITHIN AFFECTED DRAWER COULD
RESULT IN LOSS OF CREW AND VEHICLE IF CONTINGENCY EVA [S REQUIRED.

DURING DRAWER CLOSING (RETRACTION) - UNABLE TO CLOSE DRAWER. NO EFFECT »
TEOLS CONTAINED 1N THE AFFECTED DRAWER WOQLLD MAVE TD BE REMOVED AND

STOWED IN THE CREW CASIN AND THE DRAWER ITSELF WOLR D ETHER HAVE TO BE
REMOVED AND STOWED OR REMAIN DFEN DURING DE-QRSIT AND LANDING.

{E] FUNCTIONAL CRITICALITY EFFECTS:
FIRST FAILURE {DRAVWER SUIDE ASSEMBLY JAMMED IN CLOSED POIITION) - LOSS OF

CAPASILITY TO UTILIZE TOOLS CONTAINED WITHIN AFFECTED DRAWER, INABILITY TD
COMPLETE MISSIDN DEJECTIVES ASSOCIATED WITH TMESE 155 TOOLS. - CRITICALITY

22 CONDITION
ISCOND FAILURE (FAILURE NECESSITATES AN EVA TD CORRECT A CRIT 1 CONDHTION)
POSSIELE LOSS OF CREW AND VEHICLE DUE TO THE INABILITY TO CONDUCT AN
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"FAILURE MODES EFFECTS ANALYS!S [FMEA) — CIL FAILLRE MODE
NUMEER: M3-155-MA25-01

EMERGENCT EVA BEZAUSE EVA TOOLS ARE NOT AVAILAGLE FOR USE. - CRITICALITY
TR2 CONDITION

DESIGN CRITICALITY (PRIOR TO DOWNGRADE, DESCRIBED IN(F)): 1R2

{F) RATIONALE FOR CRITICALITY DOWNGRADE:
THERE 15 NO CORRECTIVE ACTION TO CIRGUMVENT A DRAWER SLIDE ASSY THAT

JAME DURING DRAWER DPENING. CRITICALITY REMAINS AT 1R

=TIME FRANE -

TIME FROM FAILURE T2 CRITICAL EFFECT: DAYS

TIME FROM FAILURE OCCURRENCE TO DETECTION: IMMEDIATE

TIME FRON DETECTION TO COMPLETED CORRECTING ACTION: N/A

IS TIME REQUIRED TO IMPLEMENT CORRECTING ACTION LESS THAN TIME TO EFFECT?

NG

RATIONALE FOR TIME TO CORRECSTING ACTION VE TIME TO EFFECT:
THERE IS ND CORRECTIVE ACTION IF THE SUDE ASSEMALY COMPLETELY JAMS AND

THE DRAWER CANNDT BE DPENED OR CLOSED,
HAZARD REFORT RUMBER(S): FF-09

HAZARD(S) DESCRIPTION:
INASILITT TO BAFELY PERFORM EVA,

. <DHSFOITION RATIONALE.

[A) DESIGN:
EACH DRAWER OF THE TSA CONTAINS TWO SLIDE ASSEMELIES, ONE ON EACH SIDE.
EACH SLIDT ASSEMBLY CONSISTS OF THREE SECTIONS: THE MRR‘DW SECTION 15
ATTACHED TO THE DRAWER USING FOUR (%) $10-32 SCREWS: THE MIDOLE SECTION
(WHICH THE NARROW SECTION ROLLS INTO) SUBES INTO THE LARGE SECTION; AND
THE LARGE SECTION WHICH CONTAINS EIGHT HOLES, IS ATTACHED TO THE
CLOSEOUT FPANELS AND THE SIDE WALL OF THE TSA BOX, DEPENDING ON THE SLIDE.
THE SLIDS WILL BE ATTACHED TO THME CLOSEDUT PANELS USING EUEHT (2) #10-32
SCREWS AND SELF-LOCKING NUT PLATES {MD114-5015.0302) ATTACHED BEMIND THE
PAMNELS. THE SLIDE CONTAINS BALL BEARINGS BETWEEN THE LARGE SECTION AND
THE MIDDLE SECTION, AND ROLLERS BETWEEN THE MICOLE SECTIONAND THE
HARROVY SECTION. THESE BALL BEARINGS AND ROLLERS WILL BE LUBRICATED WITH
AN ACCEPTABLE LUBRIGANT, FOSSIELY BRAYSOTE 601. EAGH SLIDE CONTAINS A
MECHANICAL STOP THAT PREVENTS THE DRAWER FROM COMPLETELY SEFARATING
FROM THE TEA. THIS STOP WILL NOT PREVENT THE DRAWER FROM RETRACTING,
THESE STOPS ARE INSTALLED WITH EVA BOLTS WHICH CAN BE REMOVED DURING AN

Eva TO ALLOW REMOVAL OF THE DRAWER. THE SUDE CHANNELS ARE MADE OF
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FAILLRE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER: ME-155-M021-01

ALLIMINUM 2014-T8 AND THE BALL BEARINGS ARE MADE OF STAINLESS STEEL TYPE

A0
BTRUCTURAL LOADS ANALYSIS IS PERFORMED ON THE TSA WHICH INCLUDES THE

DRAWER SLIDE ASSEMBLIES - ANALYS!IS HAS SHOWN THAT ALL COMFONENTS MAVE
OF FACTOR OF SAFETY OF AT LEAST 1.4. REFER TD T5A STRESS ANALYSIS REFORT

#SSDYEDOLSE, DATED SEFT 1998, FOR DETAILS.

Bl TEST:

[RAWER SLIDES CERATIFICATION - CERTIFICATION OF THE DRAWER SLIDE ALSEMBLIES
WiLL BE PERFORMED BY TEST AND AMALYSIS. AMALYSIS DATA WAS PREVIOUSLY
J.DDH_EEE ED N THE "DESKSN' SECTION AND TEST DATA IS SHDWN EELDWY: ]

A. TESTING AT NASA (T5A) « THERMAL LIFE CYCLE, AND DYNAMIC TESTING OF
THE TSA AND IT5 COMPONENTS iS5 PERFORMED BY HASA AS FOLLOWS.
1. THERMaL CERTIFICATION TESTING « TSA'S WERE SUBJECTED TQ THE
FOLLOWING THERWAL PROFILE. FIRST, A PRETEST OAJECTIVE FUNTZTIONAL TEST
[DPENINGTLOSING DRAWERS AND DOORS USING A FORCE GAUGE) WAS .
PERFORMED AT AMSIENT CONDITIONS, THE CHAMIER TEMPERATURE WAS
RAMPED TQ -70°F +45'F AT A RATE OF 4'F/MIN AND THE TEMPERATURE REMAINED
CONSTANT AT -T0'F FOR ABOUT § MINUTES AND A SUBIECTIVE FUNCTIONAL TEST
[OPENING/CLDSING DRAWERS AND DOORS UISING THE HAND INSTEAD OF A FORCE
GAUGE) WAS PEARDRMED. THE CHAMBER TEMPERATURE WAS THEN RAMPED
DOWN TO -128F 489 AT A RATE OF 4"EAMN. THE T54A™ WERE SOAKED FOR 20
MINUTES AND THE COLD CASE OBJECTIVE FLINCTIONAL TEST WAS PERFORMED.
THEN, THE CHAMEER TEMPEFRATURE WAS RAMPED LR TO 205°F »/-5°F, THE TSAS
WERE SDAKED AT THIS TEMPERATURE FOR A0 MINUTES AND THE MOT CASE
DAERATIVE FUNCTIONAL TEST WAS PERFORNMED, LAST, THE CHAMAER
TEMESRATURE WAS RETUIRNED TO AMIIENT CONDITIONS AND A FULL POST
OSIECTIVE FUNCTIONAL TEST WaAS PERFORMED.
2. LIS Yol E TESTING - FRIOR TO PERFORMING THE LIFE CYDLE TaST OF THE
DEAWSS SLIDES THE FOLLOVING FUNSTIONAL TEST 15 PERFORMED: [A} WITH
AEAWERS IN THE HORIZONTAL ORISNTATION, SMOOTH OPESATION QF EACH
DRAWER 15 VERIFIED BY PULUING DUT THE DRAWER UNTIL IT STOPS, AND PUSHING
T BADK INTD THE FULLY RETRACTED POSITION. (B) ALL LATCHES ARE VERIFIED TD
EE FULLY UNLOCKED BEFORE OPENING THE DRAWERS: () THE FORCE REQUIRED
TO DPEN EACH DRAWER IS VERIFIED TO BE WITHIN A 1 TO 10 LB RANGE, NOT
INCLUDING THE WEIGHT OF ANY STOWED TOOLS OR THE DRAWER ITSELF: AND (W)
THE FORCE REQUIRED TO CLOSE EACH DRAWER IS VERIFIED TO BE WITHIN A 4 TO
17 | 5 RANGE. NOT INCLUDING THE WEIGHT OF ANY STOWED TOOLS OR THE
DRAWER [TSELF. WITH THE TSA BOX ASSEMSLY AND TWO DRAWER SLIDE
ASSEMILIES IN THE PROPER CONFIGURATION, THE DRAWER 1§ CYCLED FROM ITE
FULLY RETRACTED POSITION TG ITS FULLY EXTENDED POSITION, AND THEN BACK
TO IT5 FULLY RETRACTED POSITION. THIS CYCLE IS REPEATED A TOTAL OF 400
TIMES. FOLLOWING THIS LIFE CYCLE TEST, VERIFICATION STEFS A, B. C, AND D. AS

PREVIOLISLY ADDRESSED, ARE PERFORMED AGAIN.
- A RANDOM VIBRATION TEST IS PERFORMED ON FOUR (4)

3 DyNAMIC T ESTING
Toa FLIGHT ARTICLES FOR TWO ENVIROMMENTS: FLIGHT VIERATION AND

ACCESTANCE VISRATION AS FOLLOWS. FLIGHT VIBRATION LEVELE ART SHOWN IN
THE TAELE BELOW: '
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L FAILVRE MQOE

20TO SDHL + & DB/OCTAVE

50 TO 400 HZ: 0.o7T &IHZ
400 TO 2000 HZ: -4 DBROCTAVE
GRMS: a.c
AS DEFINED IN THE NEXT SECTIONS

DURATION:
“TEST TOLERANCES: GRMS » +15% - 5%
G e +408,«108

ASCEPTANCE VIBRATION LEVELS ARE SHOWN JN THE TADLE BELOW:

20 1D B0 H2: + 3 DE/OCTAVE
80 TO 350 0.04 Gz
50 TO 2000 MZ- -2 DEOCTAVE
GRMES: 6.1
1.0 MINUTE iN EASH OF X Y, AND Z AXES

DURATION:

TEST TOLERANGES: GRMS = +15%,-5%
itz =+4D08,-10B

TSA KD 1 RANDOM VIBRATION TEST - WITH TSA FILLED WITH LYMIT DESIGN
WEIGHT, RANDOM VIBRATION TEST PERFORMED AT 6 DB BELOW FLIGHT [EVEL
ENVIRONMENT FOR A DURATION OF 1.0 MINUTE. IN ALL 3 AXES (X.Y.Z). THEN
T5A SONTENTS REMOVED AND T54 EXFOSED TO ASCEPTANGE VISRATION

EMVIEONMENT FOR 1.0 MINUTE IN ALL J AXES,
TSAND 2 RANDOM VIBRATION TEST - WITH TSA FILLED WTTH LIMIT DESIGN
WETIGHT, RANDOM VIBRATION TEST PERFORMED AT FLIGHT LEVEL :
EnVIRSNMENT FOR A DURATION OF 15.7 MINUTES, INALL 3 AXES,

TSA KD 3 RANDOM VIBRATION TEST - WITH TSA EMPTY, RANDOM

VISRATION TEST PERFORMED AT AZCEFRTANCE VIBRATION ENVIRONMENT FOR

1L MNUTE IN ALL 3 AXEE.
TSA NS 4 RANDOM VIERATION TEST - WITH TSA EMPTY, FANDOM VIBRATION
TEET FEREQRMED AT ACCERTANCE VIERATION ENVIRGNMENT FOR 1.0 MINLTE

IN ALL 3 AXES.
ATP A% BSEING (DRAWER SLIDE ASSEMILYLATCHES) - ACCEPTANCE
TESTING AT BOEING WILL VERIFY PROPER FUNCTIDNING OF THE DRAWERS AND
THEIR COMPONENTS (SLIDE ASSEMBLIESAATCHES) AS FOLLOWS:!
1, LATEH TESTING - PFRIOR TO THE FUNCTIONAL TEST, ALL LATCHES ARE VERIFIED
T B IN TRHEIR LATCHED POSITION, THEN EALK LATCH IS TESTED, IN ANY.
SZOQUENCE AS FOLLOWS: (A] THE LATCH PAWL IS ROTATED AND THE FOLLOWING
IS VERIFIED: THE HANDLE TURNS SMOOTHLY AND THERE (S NG INTERFERENCE
DETWEEN THE LATCH AND LATCH MQUSING TR THE LATCH RECEIVER; (8) THE
LATCH HANDLE 15 POSITIQNED AGAINST THE HOUSING AND THE FOLLOWING IS
VERIFIZD: THE HANDLE IS FIRMLY IN PLACE BY THE SPRING AND THE
LATCHMANDLE 15 UNABLE TD MOVE; (C) THE FORCE REQUIRED TO PULL UP THE
LATEH HANSLE TO THE VERTICAL POSITION, TAXEN FROM THE CENTER OF
SRAVITY OF THE HANDLE, IS VERIFIED TO BE IN THE RANGE OF 5 TO 10 LB; (D) THE
FORCE REGQUIRED TO PUSH THE LATCH HANDLE IN THE LOCKED POSITION FROM
THE CENTER OF GRAVITY IS VERIFIED TO BE (N THE RANGE OF S TR 10 LE. (B)
AFTER THE LATCH HANDLE 1S LIFTED TO TS5 VERTICAL POSITION, THE TORQUE
REEUIRED TO TURM THE LATCH TO THE URLOCKED POSITION AND THEN BACK TO

THE LOCKED POSITION 15 LESS THAN OR EQUAL TO 20IN-LB.

2. DRAWER TESTING - DURING OPERATION OF THE DRAWINGS (OPENING AND
CLOSING: T=E FOLLOWING IS5 VERIFIED: (&) ALL LATCHES ARE FULLY DISENGAGED
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FAGE: 7
FAILURE MODES EFFESTS AMALYS!S (FMEA) = CIL FAILURE MODE :
NUMBER: Mi.155M02 =01

BEFORE OPENING THE DRAWERS: (B) THE FORCE REQUIRED TO OPEN EACH
DRAWES IS IN THE 6.5 LB TO 18 LB RANGE, NOT INCLUDING THE WEIGHT OF “HE
TODLE AND DRAWERS: (&) SMOOTH OPERATION OF THE DRAWERS WMEN THEY
ARE PULLED OUT TO THEIR STOPS AND PUSHED BACK INTO THE EMPTY T4 BOX:
AND {O) THE FORCE REQUIRED TO ELOSE EACH DRAWER IS IN THE 8 LB TO 13 LB
RANGE, NOT INCLUDING THE WEIGHT OF THE TOOLS AND DRAWERS.

MISSION MANIEEST VERIFICATION « PRIOR TO EACH FLIGHT, THE OREITER IS .
CONFIGURED TD SUPPDORT A MISEIDN AS DEFINED IN THE MISEION MAMIFEST. AT THIE
TIME, IF THE MISSION IS TO EUPPORT IS5, THE TSA WILL BE INSTALLED DM THE

EXTERNAL AIRLOCK TRUSS ASSEMBLY AND THE FOLLOWING WILL BE VERIFIED: THE
DRAWERS CAN BE OPENED/CLOSED AND DRAWER LATCMES ARE IN THEIR CLOSED

AND LOCKED FOSITION. -

(C) INSPECTION:

RECEIVING INSPECTION
ALL RECENVING SUDE ASSEMBLIZS ARE VERIFIED BY INSFECTION.

CONTAMINATION CONTROL.
CORRDSION PROTECTION PROVISIONS ARE VERIFIED BY INSPECTION. CLEANUNESS

LEVE! GC FER MADTIDIR.

ASSEMILYANSTALLATION
MODIFICATION OF SLIDE ASSEMELY TO REMOVE LOCKAQUICK DIECONNEST -

MECTHANISM INSPECTED PER DRAWING VE45-001200. INSTALLATION QF SLIDC
ASEEMELY PER TSA ASSEMALY TOP LEVEL DRAWING VB45-100100. ACCEPTAELE

LUSRICANT ON BALL BEARINGS AND ROLLERS VERIFIED BY INSPECTION.

CRITICAL PROCESSES '
ANDDIZING OF ALUMINUM SIDE CHANNELS INSPECTED PIR MIL-2.5825-1A, TYPZ 2.

C_ASS |, PASSIVATION OF STAINLESS STESL BaLL BEARINGS VERIFIZD PSR MiL-&$5i2,

TESTING
CERTIFICATION TESTMISSION MANIFEST CHECKLIST VERIFIED BY INSPECTION.

HANDLINGFACKAGING
MANDLING, PASKAGING, STORASE, AND EHIPPING PROCEDURES VERIFIZED BY
IMSPECTIDN, .
(D] FAILURE HISTORY: '
MT FAILURES, UNEZPLAINED AHOMALIES, AND

CURRENT DATA ON TEST FAILURES, FLIG
OTHER FAILURES EXPERIENCED DURING GROUND PROCESSING ACTIVITY CAMN BE

FOUND IN THE PRAGA DATA BASE -

[E} OPERATIONAL USE:

QuURING DRAWTS DPENING - THERE IS NO CORRECTIVE ACTION IF ONE OR BOTH
5108 ASSEMIUIZS DN ONE DRAWER COMPLETELY JAM. HOWEVER, AN INCREASE IN
RESISTANTS CAN B OVERCDOME BY THE FORCE OF OPERING THE AFFECTED

JRAWLR.
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IMNG - AN [NCREASE IN RESISTANCE CAN BE OVERCOME 5Y THE

DURING DRAWSR CLOSING
FORCE OF CLOSING THE AFFECTED ORAWER. IN THE CASE WHERE THE SLIDE

ASSEMBLY COMPLETELY JaMs, CREW COULD REMOVE THE TOOLS FROM THE
AFFECTED DRAWER AND THE DRAWER (TSELF, AND STOW THEM WITHIN CREWY CABIN

AREM

DESIGN ENGINESR

MHASA SE5MA
NASA SUBSYSTEM MANAGER :

455 MOD

-APPROVALS -
S5 & PAE ENGIMEER i M. W, GUENTHER
S5 & PAE MANAGER ;. C.A ALLISON
: R.C.GROO
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